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&?���=E� F#�G � ���? �H ���I=?���.�3��K� 1
� )B�� �LM�4�C B-�� �2
��� � �?�&# �# 1�L�3C %�L�

 1�#.78.����.7? &9	���	 �# �N�?�.( � %��.( B�� F��	 ;?� �=@��&�.
� ���� ��� ��
�� O
�3��K� )�3K�� ��6 ���"���� ��(.�( B�� �# >�?$ %&�8 ���� �3��K��(�	.-� FL'G %��L�� >.L@ )


� �8&
.� >.@ �&KG��7�� &=�� >.@ %�
�� %��L*EDTA )%��.L( B�� �L# 1�#.L78.�� PN�L? %�&L#
�	 �=!&8 �8&
.� >.@ �# �2
��� �� ��.7? &9	���	 � �N�?�.( .B�� �8�
� � ;�?�2* )�L� OL�" �L# 

>.�-$t-paired Q&( -� ���I=?� �# >.?&�� �9=2'�� R
&S ����!�SPSS ���9(�T)#�?�& �	.

%2�� ��

1�#.78.�� 1�9(��� >�8���H���� �# B����.7? &9	���	 )B�� %�� N�?�.(�8&
.� ���N�?�.( �
�� %
RLL�C&C �LL# 0/�±�/��)0/�±�/�6�0/�±�/�6g/dL  �.LL# .B�� ��.7LL? &9LL	���	 1
&=LL��# %����
�9=2'�� N�?�.( �#�.# %�
�� �)�

/W=r)W�/Wp<(�8&
.L� �N�?�.( �;L	�� ��&LG %�L3# �L'C� �� 

)Y�
/Wr =)W�/Wp<(.������,� 1�#.78.�� g/dL ��)�K@ &=�H)Z�[6/W��/Wg/dL  (�.#.%��.( B��
�8&
.�)��\K? 1�#.78.�� g/dL ��R?��� %���� �.# �8�
� � ;�?�2* 1
&C)R�C&C �#�T%�T/66(%.
&�� 
��%��
^�?�.()F#�G �	�� %�&# _�G� � ���=E� �(.@ `H %&9��#&:�8���H���� ��� )A����# >a`H b&3� �� � c(
 �(.@���	�# .���� &9
� >�8���H���� C.B�� -� >� ��
�� `H %�� ;!&8 d�H %��.( B�� ��(�� &C .

��#�"��# 3�:A.7? B���	 )%&=�.��#.78.�� >�&
� )����"���� <�4=(� )�(.@ %�� 
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����������� ��� ! ����"#$	 %&' (�)�#$ �* �"+,-� , �!.&�� �/�0 12�3� � %&' (�)�#$ 4�)�)5� 67��%$�8� �%$��$ �
�9(,32� :/3� :�/�0 12�3� � %&' (�)�#$ 4�)�)5� 67�� � ��&;0 <!6��1)= � >�?��� , %&' (�)�#$ �* �"+,-� , �!.&� � %�8@A$ %&' (�)�#$ �!.&�� B$

 � %�8@A$��2� C,D A � %$��$ :EEFG�9F�GFF 

9%&' (�)�#$ 4�)�)5� 67�� � BH&/&��;+ D!�$ I� !��71)= � >�?��� , %&' (�)�#$ �* �"+,-� , �!.&�� �/�0 12�3� �� %�8@A$ %&' (�)�#$ �!.&�� B$

 � %�8@A$ %$��$ 
E9��������� ��� ! ����	���$1)= � >�?��� , %&' (�)�#$ �* �"+,-� , �!.&�� �/�0 12�3� � %&' (�)�#$ 4�)�)5� 67�� � 	6� %&' (�)�#$ �!.&�� B$ 	6�
 �%$��$ 
J9� %�8@A$ �K!6� L&M0 >�?"#$	 � ���� D!�$ I� !��7 � %�8@A$%$��$ 
G9� B������ I� !��71)= � >�?��� , %&' (�)�#$ �* �"+,-� , �!.&�� �/�0 12�3� � %&' (�)�#$ 4�)�)5� 67�� � %�8@A$ %&' (�)�#$ �!.&�� B$ � %�8@A$ 
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�,� 12��)� "� B�+ N�O&MP&;+ ���� ���7 � ��$ 1)�DA %$��K;+ , 	�O� 

��� 

���	� 
N�O&��MP&;+ B�?/���O�Q �&��R � 1��O S%�PD��  7$D+$ �	

�� L�T#$ �#&' U7 .,�O .$ B��P&MV 	&!)�.(>&)/�O Z�[	
N�$ L�T#$ B$�O >.$D#$ SB�?/�O�Q \���.� N�O&�MP&;+ B��P

 .$ , �#&�' U�7 .$ %�PD  7$D+$ �]�@^ B$�O S$D+$ .$ Z_`
 D�^$, ��+ N�O&�MP&;+ %$6��� .$ %� �;*$ B$�O �?�	 a�*

 	�$D#���$ D^ �� %&'��$ L.[.�,� N��/,$ .$ �b� B��+
 SN�O&MP&;+ B�?/�O�Q .$ >	�@��$c� 4�@/&� (&M5� 	&O

 	&�_# �$	�&�'�O ����d ��`	 .$ 1��_/$ 1d)�.(��?�	 �,�S
d 1;�# �,��;B�$&�#)Hemoglobin Color Scale($���

 B,� ��O %&�' e��&� >D�! 	�T�$ f#� ���g� I��$ �O 1d
����$ ��?#� :��* ��O �)O�=� , ��M�� 4�&�A >D�! 	�$D#

�� 	��P., C��O 1O .��# %,DO S%$.�$ S���� S>	�� �,� N�$
��$ I���	 �	 , B���O .1d ��$ ����d B$�$	 �,� N�$

 h&=�� �	 6���` f#� .$ 1��� \!ESGSFS��S��,
�E ��	 �O L�P >	&O ���/,e��&�WHO ����"� B$��O

 �#&' Ud B�+�&"d �	$ 	�&� 1i�&� (�^ �	@�� >	� �$��`
��$ 1���P)
(.�,� C&� �P-�, , ����2^ B$�$	�J%

,G/��%, D�D�! �#&�' Ud ���"� �	�F%,FG%�	
�#&' Ude�&�� ��$)E.(�	 ��$ �+�&"d �'�O 1��2#$&�#

 S��$ >D  d$D+$ k���#$ e�$�! B&?O$&V D�!�O)J(.�,�
 1d ��$ �T ��&# �?�	 ����� ��!,� >.$D�#$ B$��O B���P

 l��� 	��;�0$ ZO�` ,N�O&�MP&;+ ���$)G.(�	 �,� N��$
<� �M7 �	 , ������ %$��;�O ��&�;0 B��+Sk����#$ B$��O

O %&' %�PD  7$D+$ 1���$ >D�! 1���P ��7)FSm.(N��$ �	
 �,��_2# �;�`n�4&7,�K�� B[�O , a���� ��O <� B�+

, k� ��o�� 	�O���7 S%� 1�T��# �O k&*�� , ��� ��# B$&+
2O �	 $� %� B�+�&�"7 >-��, 1�O 6�7$�� .$ B��� ���)� ���Q 

�� �M;0 	.�� .>�?��	 �&!,�O p_*S�/�;�^$ B�=' g/dL 

/�±�� 1#$.,� %&��$�_�/�d .$ c� D!�O ��;d ��!,� ��$

	�$D# N�O&MP&;+ N�;�� �	 ���	,D5� , >	&O)�.(
�,��?�	 � i� >�?��	 �O N�O&MP&;+ N��i��?!��;! 
�/&M���)Automated Cell Counter II(SB$���O ���!,�

>.$D#$ 1���A 1�O , l���� S	�;�0$ ZO�` 17 ��$ �;7 B��P
 N��$ �	 , ���$ <��H&/&��;+ 4[q��'$ ����"� B$�O

D! 1���P �R# �	 	�$D#���$ �,� %$& 0 1O ����O>���$.

�,� N��$ a��* .$ICSH )International Committee of 

Standardization of Hematology ( �,� %$&��� 0 1���O
��$ >D! ���i� 	�$D#���$ .B$��O �/&M� �?!��;! �,�

 U�)���2� �,� SN�O&��MP&;+ ���RMQ ������O ��&#�����
N�O&MP&;+ ��$)��.(N��$ S1�i/�=� �5�A N���i� B$��O

�,� 1� �6+ �	 4,�@� �M0 1O , C&� B�+ ,	 >D�! L��;�
 �T ����&# , B�$&��# �,� N��� r U��+ �,� �O����.�$

	 �T ��&# %�PD�  d$D+$ �	 N�O&�MP&;+ .��T� >	,D5� �
D! L�T#$.


 ��
��
� ��
1i/�=� N�$B$�O �i=)� �JG.$ �@#	$��$ 1�iV$�� >D�  d

 %�8@�A$ %&�' (�)�#$ %��.�� 1O �	(����
FF D�! $��V$.
1#&;# %��� �,� �O B��P)�	 , ��	���� ���Q 1�#&;# �0&#

 1�#&;# U�T^ 1�O %D��� �� 17 ��$ I���	 >D�! N���i�
�� 1�$	$ DO��(,���! ���s� �OD! L�T#$.%�PD�  7$D+$ 

N�O&MP&;+ �O �
,����	 �O L�P %$	�� �	 ����� 1O ���/
 ��� %&�' B$D�+$ 1�O p�&� S%�#. ,D#D�!.N��$ .$ aD�+

1i/�=�t�,� 12��)� N�O&MP&;+ N��i� B�+ .$ >	�@���$ ��O
u ����&# Hemocue 201+ Angelholm SWEDEN) (,

B�$&# �,� )WHO Hemoglobin Colour Scale(1�d 	&�O 
�,� �/&M�� �?�!��;!)SYSMEX KX-21N, KOBE, 

JAPAN(%$&� 0 1O �,� u����# 1�2��)� B$��O S	�$D#����$
�,� �O �P��&� , BD��, %&' .$ ZA�^ O C&� B�+ 1��d

����� ..$
���� .$ >D��! 1�����P %&��' >���=` ���"?#$
D+$$D  d%�P�,	 (,$ >�=` SD! 1����.%	��O N��O .$ B$�O

O L&� , L,	 >�=` .$ ����� �o$ 1�,� B$��O k,�� �� �&*
D! >	�@��$ u ��&# >�?��	 , B�$&#.�T ���&# �,� �	S

%	. , �#&@0Ds .$ DiO�2#[D! 1���� �,	 (,$ >�=` S.
>�=` .$ c�� , D�! ��$D+ 4&d,�b�� B,� �O BDiO B�+

 �P �$��` u ��&# �	 Z��d %D! �� D�! >D�#$&' , 1��� .�	
1�#&;# C&�� �,� D #�;+ B�$&# �,� B���P L��T#$ D�!S

.$ c�� , D! 1���� v&��� ��M�� B,� �O %&' >�=`�
���D! >D#$&' w�D� �?#� :�* .$ >	�@��$ �O 1)�`	 .

>�?��	 u ��&# (&�M5� 1�� ��O S1�i/�=� x,��! .$ Z�_`
 y�r [�O , e�&�� SN���� N�O&MP&;+ �O (,���;+ 1�d D�!
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�O >�?��	 (�� d , �!$	 �$�` (���# :�* �	 11M���,self 

check O1>	,D�5� �	 1i/�=� �* 1d D! L�T#$ 1#$.,� �&*
�!$	 �$�` (&_` 	�&�.�O B�$&# , �T ��&# �,� 1�&�*

U+ � , %��. e�&S>D�	 �.&�� y!6� y� .$ Z�_` 1� ��i�
� �/�O 1 ��i� 1O 1V&� %,DO , � �/�O).$ Z_`1 ��i�(��$6�P

D! .� �O� �O u���# �,� �	 aq�'$ �� B�$&#���M�� L��P
�O ��	 D! %��O ���/ .\���.� L�T#$ B$�OS>��=` y� %&�'

4&d,�b�� %,�	 �	 �� 1���� ���+ 4$���# D�.� �O 1d 	&!
 D�.� �O&MP&;+ 1O D�.� U�D� �O N�O&MP&;+ , ��$ >D! ��

 ���� Z�D��_� 	&��!)��(.��' 1��#&;# 1���8� .$ BD����, %&
(&_` 	�&� %�PD  d$D+$S.$ >	�@���$ �O , %&' B$D+$ .$ Z_`

 1/&/ B,��^EDTA )ethylene diamine tetraacetic(L��T#$
 D!.%	. .$ c� 1d B	$��$�2#[SB$��O �_�� � �+D#&'

1#&;# 1�8� �+D �!$D#)%��b�$ S�2#[ %	. .$ DiO 1d B	$��$
 N���P
�� .$ %&' >�=` �"?#$%��+�� L.[ , 	&_# D!

	&! >	�"� �"?#$(D#D�! w���' 1i/�=� .$ .1�#&;# B��+
 B$�$	 BD��, %&'EDTA \���.� �$�b� B$�O B�$&# B�+ 

,N�O&MP&;+ u ��&# , D! 1���P >	$	 ��_o ����� �	 ��+
l;V .$ c� , D! L�# �	 B�,� �$6��$SPSS  #>���? �m	�$,

D! .
S�?�	 �,� ���;! >D  d(&M� B��T� %&�' B�+ ��� 

>�?��	 �/&M�� �?�!��;!)SYSMEX KX-21N, KOBE, 

JAPAN ( 	&O ��O %&���$�_�/�d .$ c�� 1�i/�=� N��$ �	 1�7
 �&�$�_�/���d %&��' .$ >	�@����$LBX .$ S����M�� �����/ %&��'

 B,�^EDTA �� �zd$D^ 1dGB�$D�8?# (�{�� �	 �0��
�� D!SD! >	�@��$ .N�O&�MP&;+ N���i� B$�OS(&�_MP B��+

�� 6�/ 6��` 	&! .D�#���� 1�O %&' B�$D)� \���.� N�$ �	
 >D! 1��s$ U����� D�#��� B�� , U����� N�O&MP&;+ x$&#$ ,

�$D���� ��d�� 1O N�O&�MP&;+ ��&#���� ��� Z�D�_� 	&�!.
c|�>.$D#$ �&�# k�V B��PB�	JJ� 4�&�A ���&#��#

�� 	��P)��.(�,� 1�2��)� S�����O N��$ aD+ u ���&# 
, B�$&# N�O&MP&;+ �T � f#� �,� �O u � N�O&MP&;+

�/&M��� �?��!��;! �,� ���O 1��2��)� �	 �,� %$&�� 0 1��O
	�$D#���$ 	&O .L��# .$ 4��0q*$ 	,�, .$ c�� �$6��$SPSS 

>��?#�m%&�.� S�+���i� a$�5#$ , N�?#��� 1_��5� SB�+t

– paired S?�2_;+��� ���/�#� , %&������P� 6�>	�@��$ %& 

D!.

����� ��
�J DA�	)�E
�@# (, 	�� ����O 	�&� %�PD  d$D+$ .$

JDA�	)�
�@# (D#	&O %. .�,� ��O N�O&�MP&;+ N�?#���
 �/&M��� �?��!��;! g/dL E/�±J/�J).$ :���* �/�����

��g/dL(�"?#$�� .$ u ��&# �O N�O&MP&;+ N��i� �,� S
g/dL E/�±J/�G):���* .$J�/������
�/��g/dL  (��O ,1
<;7 BD��, %&' �O u ��&#Sg/dL E/�±�/�G):�* .$

m/����F�/��g/dL (	&O.
%&�.� pO�=�tS�?!��;! �,� �O N�O&MP&;+ N�?#���

�/&M� �,� �O S����O 	�&� �?�	 B�+ I&�25� aq�'$
�!$	)��/�p< .( %&����� �?��2_;+ %&�.� 	&V, N�$ �O

 	$	 %�"#��	�)� �/&M�� �?�!��;! �,� �O N�O&MP&;+,
�,� 1��=O$� , ���b�	6# N�����"�O BD����, u ����&# $�

����!$	)�

/�r= S��/�p<(�,� BD���iO 1���_��� �	 ,
u ��&# �P��&�)F��/�r= S��/�p< (�!$	 �$�` .��	��)�

 �O N�O&MP&;+�,� BD��, u ��&#6�# 	���. �?��2_;+ B
x&# �O�P��&� �!$	)F��/�r= S��/�p< .( 

1�d 	$	 %��"# �T ���&# �,� ��O %�PD  d$D+$ ����O
 N�O&MP&;+ N�?#��� %&�' .$ P��&��S�g/dL m/�.$ ���"�O 

BD��, %&'	&O.
�,� �	 D^ �	 u ��&#J/���M�� L�P ��	 �O ����/ ,

N���� ��S����2^����� 1O �P-�, ,���,�m�+ , 	&O
�� ��[�O N�O&MP&;+ 1r���SO1u��D�� �����2^)B$��O
%&' Ud 	$��$ ���"�(�P-�, ,)	�$&�� ����"� B$��O

(���#(�� ��;d D!.N�O&MP&;+ ~=� �	�m, �����2^ S
����� 1O �P-�,��� ,

,N�O&MP&;+ ~=� �	�FS

��P-�, , ����2^ ��� ,�J	&�O .1����� N��$ %��"# ��+
�� B$�O u ��&# 1d D+	 ���"� �#&�' UdS��`	 B$�$	

, [�O�/B$�O B$�$	 %$���;�O �	 N�O&�MP&;+ %$6�� N�;��
 S[�O N�O&MP&;+�2�# 	�;�0$ ZO�` %$D r.

�
 %.$�P��&�� �T ��&# .$ 1d N�O&MP&;+ ��	�)� �O1
>D�� ��	 S1MA�� �	Eu���# .$ BDA�	 O1O >D�� ��	��

�,� S�/&M� �?!��;! 
�%1M�A�� �	GBD�A�	SGF%
�	 MA���1��BD�A�	 ,�
%MA�� �	�1�JBD�A�	 .$
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�,� 12��)� "� B�+ N�O&MP&;+ ���� ���7 � ��$ 1)�DA %$��K;+ , 	�O� 

��� 

A��/ �:>����%�K@ B�� �N�?�.( &9	���	 B�� �# ;'2(
��.7? >�+I � �� R7[��� >�8���H���� �� 

�K@ >���� �8&
.� �N�?�.(
���3C)� ��(

%��.(
���3C)� ��(

�@ ��G)��(F)J/
(
<� �� �@A��E)�/E�(
E)�J(
,	 �� <���E)F/
�(J
)J/�
(
,	 .$ \�O�G)��(�
�)JF(

���.�(�:B�� �� ����(�=?� &
���� -� �K@ >���� � �N�?�.( %��
%��.( 

u���#O1�,� �O >D�� ��	 �/&M� �?!��;! D ���P �$�` .
��=' %$6�� ����OB��@ �)�,� �	 N�O&�MP&;+ ��	��)�

 D�!�O �/&M� 6�/�#� �,� �O N�O&MP&;+ .$ ��;7 <����&��(
1d 	$	 %�"# �J%.$�T ���&# �,� �O N�O&MP&;+ ��	�)� 

1MA�� �	�BDA�	 �O ��	�)� .$ �?�!��;! �,� �/&M��
SD#	&O �	�/��^ �	 1�d ���%	�$&��S1M�A�� �	 u����#


BD��A�	 ��O N�O&��MP&;+ %$6���� .$ 1�,� ���O >D���� ����	
M� �?!��;!D �!$	 �$�` �/&)�$	&;# , (,DV�(.

��O BD���, �T ���&# �,� ��O N�O&MP&;+ N��i� 12��)�
�/&M� �?!��;! �,�:

�=')bias ( �	�T ��&# �,� �P��&� N��i� 1O �_2# 
;+�MP&��O&�O N���?!��;! �,��M� ��/&��	 S���=�~

N�O&��MP&;+.$ ����;d m/��.$G/�9�/�	&��O .�	 ���='
N�O&��MP&;+ �mS��[���O ,.$J/�9����J/����M�� L���P ���O

����	 	&��O ����g�� �����/.������O p��_*S���s�^ B�?/���O�Q
u ��&# �,� �O N�O&MP&;+S.$ ��[��O $� N�O&MP&;+ %$6��

 N�;�� �i`$, %$6����D#. .
1�=)# �	 N�O&�MP&;+ 1#����J/���?�!��;! �,� ��O

�/&M�S�O<�;7 1D���, >$� .$ �T ���&# �,�B(	��i�
�/�
S���P-�, , ������2^ ���O�F,���D��! 	�,����O .

N�O&��MP&;+ �zd$D��^ 1#������ �	�m�?��!��;! �,� ���O
�/&M�S�O (	�i�J/�mBD���, >$� .$ �T ���&# �,� ��O

 ����2^ B$�$	 1d D! 1_��5�G/�G%�P-�, ,�
%	&O .
�	���&� >$� .$ B�$&# \���.�S�	 �����2^ N����8O

 ��O 1=)#�������2^ 1d 	&O
/�m%��P-�, ,m/GG%
�!$	)�$	&;#�(.

���.�(�:�8�
� � ;�?�2* B�� �L# �� %��.L( � �N�?�.( %��
 1�#.L78.�� �L* �� R�C&C�/������L?� �� Q&L8 >�L�( &L=��

�� ���.

��� 
:���], .$ �#&�' U�d ��R# .$ %�PD�  d$D+$ B�?/�O�Q

 ;��2� %�PD�  d$D+$ �	 >-��, 1�O %&' (�)�#$ %��.�� �1�d
 B$D+$ B$�$	 .$ \�O %&'��	 ��O(�� D ��2+ ��� D�!�O 

��r	 ��$ Nb;� $��. \+�d D#&�! N�O&MP&;+)�
.(�	
�,� ��O N�O&�MP&;+ ����O .$ %� a$��5#$ , �T ���&#

O ��	�)� 1�/&M� �?!��;! �,� �O >D�� ��	S	$	 %��"# >
D! �=' 1dO1�&* �Md	,D^ S��	 �O L�P y� 	&�O ���/.

N�O&��MP&;+ �	 ��	��)� N��$ N������ B��+ ��br&��d ��� �	 ,
N�O&MP&;+ ��P�6O ��[�O B�+ �O S	&O 1B�&�* ��=' 1�d �	

��s�^ 1i/�=� �	~=�� N�O&�MP&;+m/����M�� ��O L��P
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�� D��� .�	1i/�=� &/D#, B�+S(D� SN;|�� ,��	�)� ��='
 ������ 1O 	�$D#���$ �,� .$ �G/�9SJ/�,�G/�L��P ��O

��	 ��$6�P ���/ D�!)�G9�E(.1��_/$ ��?�	 p�)5� D� r
4,�@� �"^�� B�+ N�O&MP&;+ %$6�� �	 ��O >D�! N��i� ,	

D#	�d ��$6P �,�.1b�$� %$��b;+ ,S.$ \��O 4,�@��
���	 �O L�P ����/ .$ \��O �	 $��D�A�	 D�  d$D+$ .$%�P 

��$6PD#	&;#)�(.1i/�=� �	 �,� ,	 1�2��)� ��O B�?�	
�P��&� u ��&# �,� �O U�)��2� N�O&�MP&;+ ��&#����S

	$	 %��"# D�! >1��d N����i� �,� �	 ��P-�, , �����2^ 
u ��&# �O N�O&MP&;+�/�E/�,�/�J/�N�?#���� 1�_/$ 	&O

����O %� �	 	$��$ N�O&MP&;+ g/dL 
/�±F/�����	 1O
, D�� �$D�)� .$ ��[�O 1i/�=� N�$ �	 u ��&# �,� �P-�,

O1	&O �s�^ 1i/�=� �	 >D�� ��	)�m(.
����2^ u ��&# N�O&MP&;+ ���"� B$�O 	$���$ B�+
 �	 %&' Ud N�O&�MP&;+ ~=� g/dL J/��N����� ,�	 S���

 ����O �s�^ (	�i���� ��$6�P 1�O y�	6# 1d 	&O B��+
>	&O %,D � , ��'$ ���$)�FS�m.(�/��^ �	 �����O 1�d

��$6��P �	 �,� ������2^ %,�D�� � B���+ ,1��d ���@=/
N�O&MP&;+ g/dL J/��>	$	 �$��` �����O 	�&�� $� ��;d ,

P&;+ N�?#���� 1�d L$��"bO , D#	&O N�O&�MJ/�
	$���$ �	
 , �d��J/��� 	$��$ �	 $�3S	&O >	$	 �$�` ����O 	�&� �#

 .$�/
m��mJg/dL D�! ��$6P)��S��S�mS�(.��P-�,
 ��s�^ 1i/�=� �P��&� �T ��&# �,��m1����� N��$ 	&�O

 L$��"bO S��@=/ S%,�D� � S��'$ 1i/�=� �	 �P-�, �O 1O�"�
	&O .�P4,�@� 1r�� >D�	 ���+ D!��� Z�d �	 �/, %$&��

 1d �@P ��� ��[�O N�O&MP&;+ 1r �+ S���� , �����2^
 �P��&�� , BD��, �,� ,	 �+ �P-�, �O S1u��D�� ���;d 

�� D!.
:���i� I��$ �OWHO 6�# .$ ��;d N�O&MP&;+ g/dL 

�
 %$	�� �	 ,.$ ��;d g/dL ����Q %�#. �	 Ud 1M��^
D �2+ %&')��(.�&d�� ��	�)� S1i/�=� %��. �	 ZO�` D^

 6�# %&' %�PD  d$D+$ �	 $D+$ B$�O (&_`	&O .$�/ 1V&� �O
 4�V�D � 1O 1d >D! >��!$ u ��&# >�?��	 �&!,�O

O �P��&� N�O&MP&;+ N�?#��� 1e�&�� �&*E9�DA�	
��, %&' .$ ��[�O�BD�� >D#$&' 	&!)��(.$�/ ��%$&�

0	$�d ��d 	�����# 1�A�^ u�Z.$��	�)� 1O y�	6# u ��&# 

�i`$, %� �;*$ ZO�` N�O&MP&;+ B�?/�O�Q B$�O , >	&O
��$.

���O �P��&��� u ����&#N�O&��MP&;+ g/dL G/�mS(	���i�
N�O&MP&;+ g/dL �m�/&M�� �?�!��;! �,� �O 	&�OS�	

1=)# N�$ ^����2u ��&# �/FG�P-�, ,�
	&O.���`,
 u ��&# Z�O�` ��P-�, , �����2^ �O �/&�_` N�O&�MP&;+

G/�m���Fg/dL ��� %��"# $� 	$	S��O (	��i� N�O&�MP&;+
 .$ >	�@�����$�/&M���� �?���!��;! �,� g/dL �m	&���O ,
�������2^ N�O&���MP&;+ �	 u �����&# g/dL �FSF
/�,

�P-�,�
/�	&O.�O $�/ 1��� ��R# D��� �?�!��;! ���`,
�/&M� g/dL J/��	$	 %��"# $� S%$6��� �,� N�O&�MP&;+
 ��&#BD��, ug/dL �/�
	&O ,��P-�, , ����2^�F

,���	&O.
N�O&MP&;+ %$6�� N�O 1MA�� U�+ 1�O BD��, , �P��&�

 y�	6#	,D^ ,J/��M�� ��	 �O L�P ���/ D! ��$6P)�ES
�
.(1i/�=� �	�s�^ �,� �O N�O&MP&;+ N�?#��� 4,�@� S

>$� .$ �T ��&# ��O 12��)� �	 ���&� D���, g/dL m/�)��O
 ���i� a$�5#$
m/�±	&O %�2b� ,	 �+ �	 1d(���	 1�O

D�� i/�=� 1O y�	6# 1d1�+B�?�	%$���$ N�b;� , ��$
 D�3��,� 1#&;# ~�5A D!�O �� ����O �	 B��P .(��;�^$

 �,� 1O �&O�� �='�%�� 	�,��O 	&!.
��O N�O&�MP&;+ (&_` ZO�` 1#���� %&' (�)�#$ %��.�� �	

B�$&# �,�S:�*�E��$ ��[�O ,�	�/��^ 1�d ��MQ$
i/�=�1�+�O1#���� SB�$&# �,�)Cut Off(B$�O N�O&MP&;+

 �#&' Ud ���"� $� N�O g/dL��9�������2^,Fm/�
���P-�, ,�m/�1�����P ���R# �	 D��#$)�J(.������2^ �,�

 1=)# �	 �� ����O �	 B�$&#�����	 ��O L�P (	��i� ����/

/�m/��O 1O�"� , >	&O	&O �&d�� ��� .U��8�	 1i/�=� �	

%$��b;+ ,S�	U#�' B�+ N�?#���� 1d %$�8� 6d�� >D  d$D+$
 N�O&����MP&;+g/dL �G/�±F/��D �����!$	S��	�����)� �	

N�O&MP&;+ g/dL �
S��[�O ,�G%�O k��d 1T��# 1���	
�1=)# �	 , D��E1�O ��i`$, ��Q u���#F%D����)�G.(�	

, >	$.	$&V ����O %$���b;+S�,� ��P-�, , �����2^
~=� �	 $� B�$&# N�O&MP&;+g/dL �������� 1OJ/JE%S

E/��%	D��0 >	,D��5� �	 ,�E������� 1��O 6���#m/FJ%,
J/Fm%	�d ��$6PD#�O u���# �O ��	�)� N�$ 1�_/$ ,1���	
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	�$	 4���g� �s�^ 1i/�=� �	 >D�� .�P-�, ��s�^ ����O 
m/GG/�1��=)# �	 g/dL ��	&��O .������O���s�^ 	�8 ��"��

�� �,� ��O �#&�' U�d ���"� B$�O D^ N���8O 1d D d
%�PD  d$D+$ �	 B�$&#S	D0����D�!�O .�����O �	 B��+

���?�	 6���#1#������ D��^ �����"� B$���O U��7 �	 �#&��'
 B�$&�# �,� �O %�PD  d$D+$��	&�O >D�! 1����P ��R# �	 

)��9�m(.���b�6�� 1�� ��i� �	 ����"�O ���`	 ���O D���d�� $���/
�;#� 	� B$�O %�PD  d$D+$S��>$� D#$&� Z�O�` , �M;0 B��d

 �	 %�PD�  d$D+$ �	 %� .$ >	�@��$ B$�O , y!6� B$�O (&_`
 D�!�O �/��� lO�� � �	 ��	,D�5� e�$�! .S���_��$ N��$ �	

 Z�;0 B���"�O �����^$ �O %&' (�)�#$ %��.�� Z;i/$�&��	
 >	,D�5� �	 B�$&�# �,� �O N�O&MP&;+ , >	�dgr/dl �E9

�� S$� >D�  d $D+$ ����i� 1/6 � 1O1��2#$D# $� %� (&�_` ,
$D+$ \�O %�;+ �	 ���d&��;+ \T � 1O �,�"�$	�2# 1

��$)SOP >��;!00.TM.004. SOP/02 \T �� %$&� 0 �O
 �	 17 %&' B$D+$ %�_M*,$	 �	 B�$&# p��* 1O N�O&MP&;+

 >	,D5��E���$ $D�+$ B$��O (&�_` ZO�` ��[�O ,(.%$6���
+6��# �P��&�� , BD���, x&�# B�$&�# �,� �O N�O&MP&;

	&O �?���2_;+ B$�$	D��# B����;d 4D��! ���/, %���"# $�
	$	D#)E�F/�r=.( 1O.$ N�O&�MP&;+ N�?#���� �?�	 4��_0

 	,D^ �P��&� >$�g/dL �
/��,� .$ ��;d 	&�O BD���,.

	$	 %�"# 1���� N�$ 1�d n[��;�^$�	�,� \T �� B�$&�#S
�/�K!$ 1�!$	 	&V, 1dU�d �$D�)� .$ ��!�# ���$ Nb;�

 .$ 1#&;#�"?#$ �� D!�O >	&O D��, 1O �_2#.
����$ ���7� Z��O�`%�PD��  d$D+$ .$ ���;d 	$D��i�SB$�$	

N�O&MP&;+ ���� B�+NL.[ 1�7 D#	&O >	,D5� .$ ��[�O , ��
1i/�=� �	 ��$ N�O&�MP&;+ B$�$	 	$���$ e�)� BD�iO B�+

 B&� ,	 �	 l`$,+$ 1O .�T� >	,D5�D$S�$��` ����O 	�&�
��P#D.

����� ���� 
u ��&# �O N�O&MP&;+ N��i�Sp�`	 , 	�;�0$ ZO�` �!,�

 N�O&��MP&;+ �$D��)� B$�$	 %�PD��  d$D+$ �	 >	�@����$ B$���O
N���� �, 1O ��-B$D�+$ ��O �;��2� %�PD  d$D+$ , %$&#�O �	 >

�MP&;+ N�?#���� 1�O 1�V&� ��O �/, ��$ 	��. �	 [��O N�O&
%�8@����A$ �	 %�PD����  d$D+$ S�����8V�����='B[�����OS

Z;i/$�&��	 �;# 1�A&� 1#$��?��� B�+ �?� 	&! N�$ .$ 1d
�,� p�`	 B�+ 	&! >	�@��$ ���d&��;+�b�� D #�� B�� .�	

1=)# SB�$&# �,�����P-�, , �����2^ N���8O B$�$	
	&O .�� �,� N�$ .$ %$&� y�;d �O � �/��O 1� ��i� 	&�_# �	

 �+�?"���.� 4$6�8T����P y;d.
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Abstract 
Background and Objectives 
Importance of hemoglobin (Hb) screening for blood donors persuades blood centers to try to 
estimate hemoglobin via faster, simpler, and more reliable methods. This study evaluated the 
diagnostic value of the methods for blood donor selection. 
 
Materials and Methods 
In this cross-sectional study, 256 non-selective whole blood donors entered the study after 
written consents were obtained. Three drops of capillary blood and 2 ml of venous blood 
mixed with EDTA were collected from blood donors before donation for the purpose of Hb 
screening by the use of colour scale (HCS) and photometric methods and blood cell analysis. 
Data were analyzed by using t-paired test, Pearson correlation, and SPSS17. 
 
Results 
Mean Hb values in cell analyzer, capillary and venous photometric methods were 15.5 ± 1.4, 
16.5 ± 1.4, and 16.1 ± 1.4, respectively. Hb screening using venous photometric method had 
the highest correlation with cell analysis (r = 0.933) while the correlation of capillary 
photometric method was the second highest (r = 0.823).  Bias was estimated 0.2-0.6 mg/dl at 
Hb range of 11 g/dl and lower. The sensitivity and specificity using the capillary photometric 
method were 100 and 97 at Hb level of 12.5 g/dl, respectively. The more the level of Hb of 
blood donors, the less the values of specificity and sensitivity. The best sensitivity and 
specificity values in capillary HCS at Hb level of 12 g/dl were 97.3% and 66.7%, respectively. 
 
Conclusions 
The photometric method is reliable and accurate for Hb screening of first time donors, female 
donors, and those exposed to anemia. Blood centers could use nonexpensive methods such as 
HCS and microhematocrit  in testing donors.  
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